•
A pair-quasiparticle potential difference arising from a quasiparticle charge imbalance has been observed in superconducting tin films along which there exist both a supercurrent, I, and a temperature gradient, VT . The voltage is proportional to IVT at a given temperature, in agreement with the prediction of Pethick and Smith, and diverges as (1-T/TY 1 for given values of I and VT
We report the observation of a pair-quasiparticl .e potential difference, 1 ' 2 arising from a quasiparticle charge imbalance Q* , in a superconducting Sn film along which there exists both a supercurrent, I , and a temperature gradient, VT . Such an effect has been predicted by Pethick and Smith. 3 Our experimental configuration is shown in the inset of Fig.3 . First, a Sn film typically 300 nm thick and 0.1 mm wide in the middle region was evaporated onto a 32X7X1 mm soda glass or silicon substrate maintained at either liquid nitrogen or room temperature. The Sn was oxidized in air for 5 to 15 mm, and three Cu(+3% Al) disks 0.8 to 1.3 im thick and 2rnm in diameter were deposited. Finally three Pb strips 1 mm wide andabout 200 nm thick were evaporated. The thickness and.mean free path, t , of the Sn strips and the junction resistance at T0 , R(T)i are listed in Table I This voltage, at most lpV , was small compared with the ' voltages generated by the applied supercurrent. When a steady gradient had been established, we defined the voltage to be zero at I = 0 . We increased the current I in steps, and measured the voltage V for each step. We took great care to ensure that the Sn was not driven normal. For example, after taking data at a given gradient, we could raise the temperature of the colder end of the sample until VT = 0 , and check that V = 0 at the highest current used. In As a check, we prepared a sample (#5) on a Si substratewith a thermal conductance three orders of magnitude greater than glass. The signal generated was not significantly different (Table   I) . (2) The temperature gradient along the copper film together with the magnetic field in its plane generated by.. I give rise to transverse thermoelectric effects, but voltages generated this way are estimated to 'be at least 2 orders of magnitude below the observedvalues.' Besides, we would not expect such effects to have the temperature dependence shown. in Fig. 3 . (3) The supercurrent tends, to concentrate at the edges of, the Sn film except under the Pb films, which act as groundplanes. To investigate possible effects due to current redistribution near the edges of the Pb film, after studying sample 43 we coated the films with a thin Here, P. is the superfluid density, which is proportional to (l-t), EF is the Fermi energy, i(T) is the energy gap, and t is a characteristic time for quasiparticle charge relaxation. The sign of V and its dependence on j•VT are consistent with our experimental results. In the limit where the inelastic scattering rate is much greater than the -elastic scattering rate, which is definitely not the case for our samples, Pethick and Smith set T = 4k
is the electron-phonon scattering time at Tc and at the Fermi energy.
With this value oft, Eq. (1) yields the observed temperature dependence near Tc but a value of Vg 5T(l_t)./iVT 5 x 10 4 cm 3 , that is two to three orders of magnitude greater than the values listed in Table I (A is the cross-section of the Sn films). Thus,; it appears that additional scattering mechanisms that will produce a smaller characteristic time -r must be taken into account. It should be borne in mind that, at least in the context of the Pethick-Smith 3 theory, the time inserted in Eq.
(1) must be proportional to A.
In summary, the sign of the observed quasiparticle potential and its dependence on I and VT are correctly predicted by the theory 
